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1 . Substituted pyrazole derivatives of the general formula (I) 




I 

CHj A 



in which 

R* represents a saturated or aromatic 5- or 6-membered heterocycle having 
5 up to 3 heteroatoms from the group consisting of S, N and/or O, which 

can be bonded via a nitrogen atom and which is optionally substituted 
up to 3 times identically or differently by amino, azido, formyl, 
mercaptyl, carboxyl, hydroxyl, straight-chain or branched acyl, alkdxy, 
alkylthio or alkoxycarbonyl each having up to 6 carbon atoms, nitro, 
10 cyano, halogen, phenyl or straight-chain or branched alkyl having up to 

6 carbon atoms, which for its part can be substituted by hydroxy!, 
amino, azido, carboxyl, straight-chain or branched acyl, alkoxy, 
alkoxycarbonyl or acylamino each having up to 5 carbon atoms or by a 
radical of the formula -OR^, 



15 in which 



denotes straight-chain or branched acyl having up to 5 carbon 
atoms or a group of the formula -SiR^R^R\ 



in which 



R*, R* and R^ are identical or different and denote aryl having 6 
to 10 carbon atoms or alkyl having up to 6 carbon atoms, 
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and/or is substituted by a radical of the formula 

O CHj 0(CH,)g-CH3 v.^^ 

— ( I -< , II or 

OCH, - (CH,). 0{CH2V-CH3 N . 

-S(OVNRni*°. 
in which 

a. b and b' are identical or different and denote a number 0, 1 , 2 
or 3, 

R* denotes hydrogen or straight-chain or branched alkyl 
having up to 4 carbon atoms, 

c denotes a number 1 or 2 and 

R' and R'** are identical or different and denote hydrogen or 
straight-chain or branched alkyl having up to 10 carbon 
atoms, which can optionally be substituted by cycloalkyl 
having 3 to 8 carbon atoms or by aryl having 6 to 
10 carbon atoms, which for its part can be substituted by 
halogen, or 

denote aryl having 6 to 10 carbon atoms, which is 

optionally substituted by halogen, or 

denote cycloalkyl having 3 to 7 carbon atoms, or 

R' and R'®, together with the nitrogen atom, form a 5- to 7- 
membered saturated heterocycle which can optionally 
contain a further oxygen atom or a radical -NR", in 
which 
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R* ' denotes hydrogen, straight-chain or branched alkyl 
having up to 4 carbon atoms or a radical of the 
formula 




or denotes benzyl or 



phenyl, where the ring systems are optionally 
substituted by halogen, 

and R\ including the double bond, form a 6-membered saturated or aromatic 
heterocycle having up to 3 heteroatoms from the group consisting of N, 
S and/or O, which is optionally substituted up to 3 times identically or 
differendy by formyU carboxyl, hydroxyl, mercaptyU siraight-chain or 
branched acyl, alkylthio or alkoxycarbonyl each having up to 6 carbon 
atoms, nitro, cyano, halogen or straight-chain or branched alkyl or 
alkoxy each having up to 6 carbon atoms, which for its part can be 
substituted by hydroxyl, amino, carboxyl, straight-chain or branched 
acyl, alkoxy or alkoxycarbonyl each having up to 5 carbon atoms, 

and/or the heterocycle is optionally substituted by a group of the 
formula -NR^^R*^ or -S(0),.NR''R*^ in which 

R'^ and R'^ are identical or different and denote hydrogen or straight- 
chain or branched alkyl having up to 6 carbon atoms, or 

R'^ denotes hydrogen and 

R*^ denotes formyl 

c', R' and R*^ have the meaning of c, R^ and R"® indicated above and 
are identical to or different from these 
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and/or the heterocycle is optionally substituted by phenyl which for its 
part can be substituted up to 2 times identically or differently by 
halogen or by straight-chain or branched alkyl or alkoxy each having up 
to 6 carbon atoms 

and/or the heterocycle is optionally substituted by a group of the 
formula -N=CH-NR**R*^ in which 

R** and R^^ are identical or different and denote hydrogen, phenyl or 
straight-chain or branched alkyl having up to 6 carbon atoms, 

represents a 5- or 6-membered aromatic or saturated heterocycle having 
up to 3 heteroatoms from the group consisting of S. N and/or O or 
phenyl, each of which is optionally substituted up to 3 times identically 
or differently by amino, mercaptyl, hydroxy!, formyl, carboxyl, straight- 
chain or branched acyl, alkylthio, alkyloxyacyl, alkoxy or 
alkoxycarbonyl each having up to 6 carbon atoms, nitro, cyano, 
trifluoromethyl, azido, halogen, phenyl or straight-chain or branched 
alkyl having up to 6 carbon atoms, which for its part can be substituted 
by hydroxyl, carboxyl, straight-chain or branched acyl, alkoxy or 
alkoxycarbonyl each having up to 5 carbon atoms, 

and/or is substituted by a group of the formula -(CO^NR^^R", 

in which 

d denotes a number 0 or 1 , 

R'* and R^^ are identical or different and 

denote hydrogen, phenyl, benzyl or straight-chain or branched 
alkyl or acy! each having up to 5 carbon atoms, 
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and their isomeric forms and salts. 



Compounds of the general formula (I) according to Claim 1, in which 



tetrahydropyranyl. tetrahydrofuranyl, pyrrolyl, furyl, thienyl, imidazolyl, 
oxazolyl, thiazolyl, l,2,3*tria2olyl, pyrazolyl. oxadiazolyl, thiadiazolyl, 
isoxazolyU isothiazolyl, pyranyl or morpholinyl, each of which is 
optionally substituted up to 3 times identically or differently by amino, 
formyl, mercaptyl, carboxyl, hydroxyl, straight-chain or branched acyl, 
alkoxy, alkylthio or alkoxycarbonyl each having up to 5 carbon atoms, 
nitro, cyano, azido, fluorine, chlorine, bromine, phenyl or straight-chain 
or branched alkyl having up to 5 carbon atoms, which for its part can be 
substituted by hydroxyl, amino, azido, carboxyl, straight-chain or 
branched acyl, alkoxy, alkoxycarbonyl or acylamino each having up to 
4 carbon atoms or by a radical of the formula -OR^, 



represents pyrimidinyl, pyridazinyl, pyridyl, pyrazinyl. 



in which 



denotes straight-chain or branched acyl having up to 4 carbon 



atoms. 



and/or by a radical of the fonr.ula 



O 






or 



OCH^-CCH^). 



0(CH2)^'-CH3 



-S(OVNR^R'^ 



in which 
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a, b and b' are identical or different and denote a number 0, 1, 2 or 3, 



denotes hydrogen or straight-chain or branched alkyl having up 
to 3 carbon atoms, 



c denotes a number 1 or 2 and 



and R*° are identical or different and denote hydrogen or straight- 
chain or branched alkyl having up to 9 carbon atoms, which can 
optionally be substituted by cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl or naphthyl or phenyl, which for their 
part can be substituted by fluorine or chlorine, or 
denote phenyl or naphthyl, each of which is optionally 
substituted by fluorine or chlorine, or 

denote cyclopropyl. cyclobutyl, cyclopentyl, cyclohexyl or 
cycloheptyl, or 



R^ and R***, together with the nitrogen atom, form a morpholine ring or 
a radical of the formula 

^ I or .N^^ \^R^^ , in which 

R^* denotes hydrogen, methyl or a radical of the formula 

1 Jl / o*" denotes benzyl or phenyl, 

where the ring systems are optionally substituted by 
fluorine or chlorine. 



and R\ including the double bond, form a pyridyl, pyrimidinyl, pyrazinyl or 
pyridazinyl ring, each of which is optionally substituted up to 3 limes 
identically or differently by formyl, carboxyl, hydroxyl, mercaptyl. 
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straight-chain or branched acyl, alkylthio or alkoxycarbonyl each having 
up to 5 carbon atoms, nitro, cyano, azido, fluorine, chlorine, brpmine or 
straight-chain or branched alkyl or alkoxy each having up to 5 carbon 
atoms, which for its part can be substituted by hydroxyl, amino, 
carboxyl, straight-chain or branched acyl, alkoxy or alkoxycarbonyl each 
having up to 4 carbon atoms, 

and/or the abovementioned heterocyclic rings are optionally substituted 
by a group of the formula -NR^^R'^ or -S(0),.NR'R"'*, in which 

R'^ and R*^ are identical or different and denote hydrogen or straight- 
chain or branched alkyl having up to 4 carbon atoms, or 

R^^ denotes hydrogen and 

R*^ denotes formyl 

c*, R' and R**^ have the meaning of c, R' and R**^ indicated above and 
are identical to or different from these 

and/or the abovementioned heterocyclic rings are optionally substituted 
by phenyl, which for its part can be substituted by fluorine, chlorine, 
bromine or by straight-chain or branched alkyl or alkoxy each having up 
to 4 carbon atoms 

and/or the abovementioned heterocyclic rings are optionally substituted 
by a group of the formula ^f^i^ — ^NR^^^^ ' which 

R"* and R*^ denote hydrogen or straight-chain or branched alkyl having 
up to 4 carbon atoms, 
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A represents thienyl, tetrahydropyranyl, letrahydrofuranyl, phenyl, 
morpholinyl, pyrimidyl, pyrazinyl, pyridazinyl or pyridyU each of which 
is optionally substituted up to 2 times identically or differently by 
hydroxyl, formyl, carboxyU straight-chain or branched acyl, alkylthio, 
alkoxyacyl, alkoxy or alkoxycarbonyl each having up to 4 carbon atoms, 
fluorine, chlorine, bromine, nitro, cyano, trifluoromeihyl or straight- 
chain or branched alkyl having up to 4 carbon atoms, which for its part 
can be substituted by hydroxyl, carboxyl, straight-chain or branched 
acyl, alkoxy or alkoxycarbonyl each having up to 4 carbon atoms, 

and/or by a group of the formula -(COVNR'^R^\ 

in which 

d denotes a number 0 or I , 

R*^ and R*^ are identical or different and 

denote hydrogen, phenyl, benzyl or straight-chain or branched 
alkyl or acyl each having up to 4 carbon atoms, 

and their isomeric forms and salts. 

Compounds of the general formula (I) according to Claim 1, in which 

R' represents imidazolyl, furyl, pyridyl. pyrrolyl, pyrazinyl, pyrimidyl, 
isoxazolyl. oxazolyl or thiazolyl, each of which is optionally substituted 
up to 3 times identically or differently by formyl, fluorine, chlorine, 
amino, mercaptyl, cyano, straight-chain or branched acyl, aikylthio, 
alkoxy or alkoxycarbonyl each having up to 4 carbon atoms or straight- 
chain or branched alky! having up to 4 carbon atoms, which for its part 
can be substituted by hydroxyl, carboxyl, amino, azido, straight-chain or 
branched acyl, alkoxy, alkoxycarbonyl or acylamino each having up to 
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or 



3 carbon atoms, 

and/or by a radical of the formula 

OCH2 - (CH3), 0(CH2)^--CH3 N 

.S(0),-NR'R*^ 
in which 



a, b and b' are identical or different and denote a number 0, 1 or 2, 

denotes hydrogen or methyl, 
c denotes a number 1 or 2 and 

R' and R^^ are identical or different and denote hydrogen or straight- 
chain or branched alkyl having up to 9 carbon atoms, which can 
optionally be substituted by phenyl or naphthyl, or 
denote phenyl or naphthyl, each of which is optionally 
substituted by fluorine or chlorine, or 
denote cyclopropyl or cycloheptyl, or 

R' and R*^ together with the nitrogen atom, form a morpholine ring or 
a radical of the formula 

't/^ ^ , -N^ I or ^N-R^^ , in which 



R" denotes hydrogen, methyl or a radical of the formula 

or denotes benzyl or phenyl, where the 

-CH 



xr:> 
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ring systems are optionally substituted by chlorine, 

and R^, including the double bond, form a pyridyl, pyrazinyl, pyrimidinyl or 
pyridazinyl ring, each of which is optionally substituted up to 3 limes 
identically or differently by formyl, mercaptyl. carboxyl, hydroxyl, 
straight-chain or branched acyl, alkoxy, alkylthio or alkoxycarbonyl each 
having up to 4 carbon atoms, nitro, cyano, fluorine, chlorine or straight- 
chain or branched alkyl or alkoxy each having up to 3 carbon atoms, 
which for its part can be substituted by hydroxyl, amino, carboxyl, 
straight-chain or branched acyl, alkoxy or alkoxycarbonyl each having 
up to 3 carbon atoms, 

and/or the heterocyclic rings are optionally substituted by amino, 
N,N-dimethylamino or by a radical of the formula -NH-CHO or 
-N=CH-N(CH3)2 and/or by phenyl, which for its part can be substituted 
by a radical of the formula -0(CH2)2-CH3, 

A represents tetrahydropyranyl, phenyl, pyrimidyl, thienyl or pyridyl, each 
of which is optionally substituted up to 2 times identically or differently 
by formyl, carboxyl, straight-chain or branched acyl, alkylthio, 
alkyloxyacyl, alkoxy or alkoxycarbonyl each having up to 3 carbon 
atoms, fluorine, chlorine, bromine, nitro, cyano, trifluoromethyl or 
straight-chain or branched alkyl having up to 3 carbon atoms, which for 
its part can be substituted by hydroxyl, carboxyl, straight-chain or 
branched acyl, alkoxy or alkoxycarbonyl each having up to 3 carbon 
atoms, 

and their isomeric forms and salts. 

Process for the preparation of compounds of the general formula (I) according 
to Claim 1, characterized in that, depending on the various meanings of the 
heterocycles defined under R^ and R\ either 
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[A] compounds of the general formula (11) 



R'-D 



in which 



has the meaning indicated above. 



and 



represents radicals of the formula 




CN 



or 




CN 
in which 

R** represents C,-C4-alkyl, 

are converted by reaction with compounds of the general formula (III) 
A-CH2-NH-NH2 (III) 



in inert solvents, if appropriate in the presence of a base, into the 
compounds of the general formula (IV) or (IVa) 



in which 



has the meaning indicated above 
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CM, — A 



and 




(IVa) 



NC 



in which 

A and R' have the meaning indicated above, 

and, in the case of the compounds of the general formula (IVa). then 
cyclized with carboxylic acids, nitriles, formamides or guanidinium salts, 

and, in the case of the compounds of the general formula (IV). cyclized 
with 1,3-dicarbonyl derivatives, their salts, tautomers, enol ethers or 
enamines. in the presence of acids and, if appropriate, under 
microwaves. 



in the case where and R^ together form a pyrazine ring, compounds 
of the general formula (IV) are first converted by nitrosation into the 
compounds of the general formula (V) 



or 



A 




N 



II 



O 



in which 



A and R* have the meaning indicated above, 



in a second step, by means of a reduction, the compounds of the general 
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formula (VI) 



A 




(VI). 



in which 

A and R* have the meaning indicated above, 
are prepared 

and finally cyclized with 1,2-dicarbonyl compounds, preferably aqueous 
glyoxal solution. 



in which 

A\ and R^ have the meaning indicated above, 
and 

L represents a radical of the formula -SnR'^^°R^\ ZnR^^ iodine, 
bromine or triflate. 



compounds of the general formula (VII) 



CHj-A 




in which 
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R*', and R^* are identical or different and denote straight- 
chain or branched alkyl having up to 4 carbon atoms, 

and 

R^^ denotes halogen, 
are reacted with compounds of the general formula (VIII) 

R^-T (vni) 
in which 

R* has the meaning indicated above 
and 

if L = SnR^ni'^R"' or ZnR^' 

T represents inflate or halogen, preferably bromine, 
and 

if L = iodine, bromine or triflate, 

T represents a radical of the formula SnR*''R^°^R^*', ZnR"' or 
BR^^R^'*, 

in which 

R^'^, R^*^. R'»' and R^^ have the meaning of R^', R'°, R^' and R^' 
indicated above and are identical to or different from 
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these, 

R^^' and R^^ are identical or different and denote hydroxyl, 
aryloxy having 6 to 10 carbon atoms or straight-chain or 
branched alkyl or alkoxy each having up to 5 carbon 
atoms, or together form a 5- or 6-membered carbocyclic 
ring, 



in a palladium-catalysed reaction in inert solvents, if appropriate in the presence 
of a base. 



R^^ denotes (Cj-Q)-alkyl which is optionally substituted by halogen, 
compounds of the general formula (IX) 




OH 



in which 




A 



in which 



A, R^ and R^ have the meaning indicated above. 
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are converted either directly by reaction with the compound of the 
formula (X) 




in which 

has the meaning indicated above, 
in the system NaOCO-CHj/N-methylpyrrolidine 
into the compounds of the general formula (la) 




OAc 



in which 

R^, R^ and A and R^^ have the meaning indicated above, 

and then, by action of potassium hydroxide in methanol, the acetyl 
group is removed, 

or 



first, by reaction of the compounds of the general formula (IX) with the 
compound of the formula (X), the compounds of the general formula 
(XI) 
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A 




CI 



(XI). 



in which 

R^, R\ A and R^^ have the meaning indicated above, 
are prepared, 

and in a further step, by action of potassium hydroxide, the 
hydroxymethyl compounds arc prepared, 

and, if appropriate, converted into the corresponding alkoxy compounds 
by alkylation according to customary methods, 

and in the case of the groups -S(0),NR'R'° and -S(0),.NR'R*^ starting 
from the unsubstituted compounds of the general formula (I), first 
reacted with thionyl chloride and in a second step with the appropriate 
amines 

and, if appropriate, the substituents mentioned under R\ R^, R^ and/or 
A are varied or introduced according to customary methods, preferably 
by chlorination, catalytic hydrogenation, reduction, oxidation, removal 
of protective groups and/or nucleophilic substitution. 

Medicaments comprising at least one compound of the general formula (I) 
according to Claim 1 . 

Process for the production of medicaments, characterized in that at least one 
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compound of the formula (I) according to Claim 1 is converted into a suitable 
administration form, if appropriate using customary auxiliaries and additives. 

Medicaments comprising at least one compound of the general formula (I) 
according to Claim 1 in combination with organic nitrates or NO donors. 

Medicaments comprising at least one compound of the general formula (I) 
according to Claim 1 in combination with compounds which inhibit the 
degradation of cyclic guanosine monophosphate (cGMP). 

Use of compounds of the general formula (I) according to Claim 1 in the 
production of medicaments for the treatment of cardiovascular disorders. 

Use of compounds of the general formula (I) according to Claim 1 in the 
production of medicaments for the treatment of thromboembolic disorders and 
ischaemias. 



